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ABSTRACT
It was recently claimed that the magnetic O-type star HD 54879 exhibits important
radial velocity variability indicative of its presence in a spectroscopic binary. More
remarkably, it was furthermore reported that the star underwent a short, sudden
variation in spectral type and magnetic field. In this Letter we examine new Narval
and ESPaDOnS data of this star in addition to the previously-published FORS2 data
and conclude that both the reported velocity variations and the sudden spectral and
magnetic changes are spurious.
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1 INTRODUCTION
HD 54879 is a late O-type star that was reported to be
magnetic by Castro et al. (2015). They reported that the
spectrum, characterised by very sharp lines, was very sta-
ble and essentially unperturbed by the presence of a mag-
netosphere. Shenar et al. (2017) reported multiwavelength
(optical, UV, X-ray) observations of HD 54879, deriving an
effective temperature Teff = 30.5 ±0.5 kK and a surface grav-
ity of log g = 4.0± 0.1. Both Castro et al. (2015) and Shenar
et al. (2017) concluded that the magnetic and spectral vari-
ability imply a rather long rotation period, likely around
5 years. Hence HD 54879 is inferred to be one of the most
slowly-rotating O-type stars known.
Hubrig et al. (2019a) described their analysis of a
FORS2 spectropolarimetric timeseries of this star spanning
140 days. The essential conclusions of their study can be
summarized as follows: (i) HD 54879 exhibits significant (of
order 100 km s−1) radial velocity variations on timescales
of days. (ii) On JD 2458166, HD 54879 underwent “a sud-
den, short-term increase of the magnetic field strength”
(from about -100 G to -800 G), accompanied by a remarkable
? E-mail: wade-g@rmc.ca
change in the star’s spectrum corresponding to a significant
change in spectral type (from late O to early B, accompanied
by the complete disappearance of the He ii lines). In a very
recent follow-up paper and erratum, Hubrig et al. (2019b,c)
appear to link both the sudden change of the spectral ap-
pearance of HD 54879 and the radial velocity variation to an
insufficient S/N of the FORS spectra, and refer to putative
instabilities of the pipelines they have attempted to use, but
ultimately fail to give a satisfactory explanation on how “an
imperfect spectral extraction”could transform a O9.7V-type
spectrum into a B2V-type spectrum.
In this Letter we examine these claims in the light of
independent spectropolarimetric observations obtained us-
ing the high-resolution spectropolarimeters Narval and ES-
PaDOnS, as well as a re-examination of the FORS2 data
studied by Hubrig et al. (2019a).
2 OBSERVATIONAL MATERIAL
We obtained 22 high resolution circularly polarized (Stokes
V) spectra between November 2014 and January 2018 in or-
der to confirm the detection of the star’s magnetic field, and
to measure the longitudinal field variation. The observations
© 2002 The Authors
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Figure 1. Longitudinal magnetic field of HD 54879 observed with
the ESPaDOnS, Narval, and HARPSpol high resolution spec-
tropolarimeters during the period April 2014-March 2019 (4.9
years). The filled black squares represent the longitudinal field
measured from the Stokes V profile. The open red circles repre-
sent the longitudinal field measured from the diagnostic null (N)
profiles. The horizontal black line indicates 〈Bz 〉 = 0. The vertical
green line indicates JD 2458165, the date on which HD 54879 was
claimed to have undergone a qualitative change of its spectrum
and magnetic field.
of HD 54879 were obtained using the ESPaDOnS and Narval
spectropolarimeters located at the Canada-France-Hawaii
Telescope (CFHT) and the Bernard Lyot Telescope (TBL),
respectively. ESPaDOnS and Narval are essentially identical
instruments consisting of high resolution (resolving power
R∼65000) e´chelle spectrographs, which are fibre-fed from
Cassegrain-mounted polarimetric modules. Each Stokes V
observation consisted of a sequence of 4 sub-exposures, be-
tween which the polarimetric optics of the instruments were
rotated, allowing for the removal of instrumental systemat-
ics (see e.g. Donati et al. 1997). Exposure times were ad-
justed for each observing run at either telescope, with sub-
exposure times ranging between 475 and 900 s. The peak
signal-to-noise ratio (S/N) per spectral pixel ranged from
about 165 to 825. The log of observations is reported in
Table 1. The data were reduced using pipelines specific to
the CFHT and TBL, both feeding the same underlying re-
duction code, Libre-ESpRiT (Donati et al. 1997). We com-
bined the new data with the 3 archival Stokes V spectra of
HD 54879 obtained by Castro et al. (2015) using the HARP-
Spol instrument (R∼115000) of the European Southern Ob-
servatory (ESO) 3.6 m telescope at La Silla Observatory.
Each spectrum was processed using Least-Squares De-
convolution (LSD; Donati et al. 1997) using the iLSD ap-
proach of Kochukhov et al. (2010). The line mask was de-
veloped using an Vienna Atomic Line Database (VALD; e.g.
Piskunov et al. 1995) extract stellar request that was
then ’cleaned’ and ’tweaked’ to best match the spectrum of
HD 54879 (e.g. Grunhut et al. 2017).
In addition, we have downloaded from the ESO archive
the FORS2 observations discussed by Hubrig et al. (2019a).
Data were reduced using dedicated IRAF and FORTRAN
routines as explained for instance by Bagnulo & Landstreet
(2018). We remind the reader that FORS2 is a Cassegrain-
HJD texp SNR Bz Nz Inst.
-2450000 [s] [/pix] [G] [G]
6770.4993 2700 384 −654 ± 11 −15 ± 10 H
6971.0658 840 822 −581 ± 11 −2 ± 9 E
6971.1066 840 823 −598 ± 11 19 ± 9 E
7030.5195 900 391 −557 ± 17 −7 ± 16 N
7032.5133 900 411 −561 ± 16 −10 ± 15 N
7033.5159 900 413 −546 ± 16 9 ± 15 N
7092.5485 1800 212 −523 ± 11 −30 ± 11 H
7095.5057 900 130 −543 ± 18 17 ± 17 H
7310.6113 590 211 −516 ± 33 14 ± 32 N
7338.6680 590 239 −464 ± 34 −20 ± 34 N
7357.6202 590 200 −467 ± 30 21 ± 29 N
7374.5860 590 224 −463 ± 29 15 ± 28 N
7409.5524 590 227 −495 ± 30 −20 ± 30 N
7439.4167 590 165 −556 ± 42 −87 ± 41 N
7736.9843 475 556 −418 ± 14 −12 ± 13 E
7758.8779 656 542 −427 ± 15 −3 ± 14 E
7775.9878 840 606 −435 ± 14 −20 ± 13 E
7880.2244 712 558 −369 ± 15 9 ± 15 E
8008.1272 880 626 −229 ± 11 −15 ± 10 E
8066.0351 880 526 −185 ± 10 −7 ± 10 E
8128.9253 880 406 −138 ± 13 6 ± 13 E
8557.8753 880 506 74 ± 13 −5 ± 13 E
Table 1. Log of high-resolution spectropolarimetric observations
of HD 54879, including previously-published HARPSpol observa-
tions (E=ESPaDOnS, N=Narval, H=HARPSpol). An integration
range of +4 to +50 km/s was used to measure the longitudinal
magnetic field.
mounted instrument, and that FORS calibrations are ob-
tained the day after the observations, with the telescope
pointing at zenith. Because of unavoidable, variable flex-
ures, radial velocity measurements require that FORS spec-
tra be corrected for the resultant shifts using telluric lines, in
particular sky emission lines. The FORS observations were
obtained with grism 600B (R ∼ 2000), and the observed spec-
tral range includes only one appropriate calibration line, the
O i line at 5577 A˚. Therefore, only an approximate abso-
lute wavelength calibration is possible. Nevertheless, using
the ESO FORS pipeline (Izzo et al. 2010), we obtained 2-
D wavelength-calibrated frames, and measured the position
of the telluric O i 5577 A˚ line on each individual frame to
roughly correct (to a precision of order 10 km s−1) for flex-
ures and other instrument-related systematics.
3 RESULTS FROM THE ESPADONS AND
NARVAL OBSERVATIONS
The observations summarized in Table 1 span nearly 5 years,
including the dates during which the FORS2 observations
were obtained by Hubrig et al. (2019a). The derived values
of the longitudinal magnetic field (〈Bz〉) are reported in this
table, and were measured using the procedure described by
e.g. Wade et al. (2000). As illustrated in Fig. 1, 〈Bz〉 (shown
as black, filled points) increases more-or-less monotonically
over the 5-year span of the observations, while the equivalent
measurements from the diagnostic null profiles (〈Nz〉) remain
consistent with zero. From this figure we draw the following
conclusions:
(i) The slow, monotonic decrease of the star’s longitudinal
MNRAS 000, 1–5 (2002)
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Figure 2. Stokes I and V , along with null N LSD profiles of
HD 54879 obtained in 2017-2019, illustrating the recent change of
polarimetry of the Stokes V signature. These spectra correspond
to the final 4 longitudinal field measurements shown in Fig. 1.
magnetic field (first reported by Hubrig et al. 2019a,b) shows
clearly that the rotational period of HD 54879 must be sig-
nificantly longer than 5 years (according to the Oblique Ro-
tator Model; Stibbs 1950). In fact, the most recent observa-
tion obtained with ESPaDOnS (in May 2019) has (finally!)
shown the reversal of sign of the Stokes V profile correspond-
ing to our first view of the northern magnetic hemisphere of
the star (Fig. 2).
(ii) The high-resolution magnetic measurements show no ev-
idence of any change of character either before or after the
reported sudden change in magnetic field strength (the date
of which is indicated by the vertical dashed green line in
Fig. 1). The high-resolution measurements bracket this date,
and show no departure from the long-term trend of increas-
ing longitudinal field strength.
(iii) An ESPaDOnS observation of HD 54879 was obtained
on JD 2458129, approximately one month prior to the re-
ported episode. As illustrated in Fig. 3, the spectrum ob-
tained on that date is fully compatible with the high-
resolution spectrum observed at all earlier dates, modulo
very weak variations of the line profile depth and morphol-
ogy (variations that are observed throughout the 5 years of
monitoring). In particular we note the lack of any measur-
able variation of the radial velocity, in the ESPaDOnS and
other high-resolution spectra (some of which were acquired
less than one night apart), larger than about 1 km/s. In ad-
dition, the following ESPaDOnS spectrum (obtained on HD
2458557) is also in good agreement with the earlier data.
These results are fully consistent with the initial report by
Castro et al. (2015).
4 RE-ANALYSIS OF THE FORS2 SPECTRA
The major result of our re-analysis of the FORS2 spectra
is that, in contrast to the claims of Hubrig et al. (2019a),
there is no evidence of any significant change in the spec-
trum obtained on February 17, 2018 with respect to all the
other spectra of the same star, and that, consistent with
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Figure 3. Selected ESPaDOnS and Narval spectra of HD 54879
obtained between November 2014 and March 2019 (in black),
showing an arbitrary region containing various absorption lines.
No strong RV variability comparable to that reported by Hubrig
et al. (2019a) is observed. The spectrum shown in red corresponds
to JD 2458128.9, and was acquired about one month before the
remarkable spectrum reported by Hubrig et al. (2019a).
what we have found with ESPaDOnS observations, there is
no indication of any remarkable change of the star?s radial
velocity. In Fig. 4 we have tried to reproduce the dramatic
spectral difference shown in figure 4 of Hubrig et al. (2019a).
Our figure clearly shows that, not only there is no remark-
able difference between the line profiles obtained at differ-
ent epochs (including those obtained on February 17, 2018,
shown in bold red), but that there is no significant change
in radial velocity, once corrections due to the heliocentric
velocity and instrument flexures are properly taken into ac-
count. We have also re-calculated the longitudinal magnetic
field from all FORS2 observations using the methodology of
e.g. Bagnulo et al. (2012). We found that our uncertainties
are often two times larger than those published by Hubrig
et al. (2019a), but the field measurements appear consistent
within the error bars. The only exception, of course, is the
field estimate obtained from the observations of February
17, 2018, for which we have measured a longitudinal field
value of −250±140 G, instead of −880±120 G as reported by
Hubrig et al. (2019a).
Hubrig et al. (2019b) and Hubrig et al. (2019c) also seem
to come to conclusions similar to our own: namely that the
reports of the sudden spectral and magnetic change and the
large velocity variations are erroneous. However, they state
that low S/N of the data is the culprit, and claim that this
phenomenon is a reproducible, albeit spurious consequence
of a problem with the reduction pipelines used.Their fig-
ure 8 shows a ∼ 300 A˚ region of two FORS2 observations
obtained on 1 January, 2019 separated by just 25 minutes.
One of the spectra, extracted using a proprietary MIDAS
pipeline, completely lacks various absorption lines that are
clearly visible in the other spectrum. While the data ob-
tained in January 2019 are not publicly available, it seems
unlikely that low S/N affects spectral extraction in a way
that absorption lines are filled to the continuum; moreover,
a Stokes I spectrum with a S/N of about 1000 cannot be con-
MNRAS 000, 1–5 (2002)
4 G.A. Wade et al.
sidered to be “low”. In their figure 10, Hubrig et al. (2019b)
show some details of Stokes I spectra extracted using the
ESO pipeline, in which the He i 4921 A˚ line appears at dif-
ferent wavelengths, offset by several angstroms, during a full
sequence of sub-exposures obtained on a timescale of tens of
seconds. Their stated conclusion is that “the ESO FORS
pipeline has issues with wavelength stability even for higher
S/N data” and that “in its current form [it] is not deliver-
ing proper results”. We do not have access to the raw data
presented in their figures 8 and 10, nor do the authors pro-
vide details about how they have set up or employed the
pipeline. All we can say is that, to the best of our knowl-
edge and based on extensive experience, it is unlikely that
the ESO pipeline changes the applied wavelength solution
between observations obtained sequentially, unless specifi-
cally set to do so by the user. In fact, using the spectra that
are already available in the ESO archive, we have verified
that the ESO FORS pipeline does not produce the spurious
results presented by Hubrig et al. (2019b). We also note that
each of the spectra obtained on 17 February, 2018 have typ-
ically a peak ADU count of 20,000 per CCD pixel, and that
the combined spectrum reaches a S/N of 1600 per A˚. It is
totally unclear how this spectrum could be defined having
a “low S/N”, especially considering that the spectrum must
have been repeatedly and carefully re-examined by Hubrig
et al. (2019b) and Hubrig et al. (2019c).
5 CONCLUSIONS
Motivated by the report of remarkable magnetic and radial
velocity behaviour of the magnetic O-type star HD 54879
by Hubrig et al. (2019a), we have examined magnetic and
spectral measurements of this object obtained with multiple
instruments over a 5-year period. While we confirm the slow
increase of the longitudinal field reported by Hubrig et al.
(2019a,b), we are unable to confirm the reported velocity
variations, nor the sudden spectral and magnetic changes.
Hubrig et al. (2019b) also appear to conclude that the
reports of the sudden spectral and magnetic change and
the large velocity variations are erroneous. However, they
ascribe this to a serious problem that they claim affects
the FORS data reduction pipelines that they employed. Al-
though we are unable to reproduce their experiment due to
the proprietary nature of their data, we consider it highly
unlikely that the large RV shifts and significant spectral dis-
tortions that they illustrate can result from the pipeline if it
is properly used. Moreover, we point out that if these phe-
nomena were indeed a consequence of a problem with the
pipeline, this would strongly affect the magnetic measure-
ments derived from all of their spectra of HD 54879. Apart
from the observation obtained on February 17, 2018, this is
not observed. Given this, in addition to the lack of detail
about the data reduction and investigation into the pur-
ported problems, it seems that the simplest explanation is
that human error, rather than the data reduction pipeline,
is at fault.
The FORS2 spectrum from February 17, 2018, reported
by Hubrig et al. (2019a) to correspond to that of an early
B star, is effectively identical to all of the other spectra of
HD 54879 in our re-reduced data, i.e. that of a late O-type
star. In addition, the longitudinal magnetic field measured
from the re-reduced spectrum, equal to −250±140 G, is fully
compatible with the field measured from the other spectra of
this star. Examining figures 4 and 6 of Hubrig et al. (2019a)
(in the latter of which they illustrate the remarkable simi-
larity of the affected spectrum with that of the known mag-
netic B2 star CPD -57◦ 3509), it seems reasonable to spec-
ulate that the spectrum of another object (in particular a
rapidly rotating magnetic B-type star) may well have been
mistakenly substituted by those authors.
The new high-resolution spectropolarimetric observa-
tions of HD 54879 presented here paint a clear picture of
a very slowly rotating, strongly magnetized object, the gen-
eral behaviour of which is compatible with the known sam-
ple of hot, magnetic stars. In particular, our most recent
ESPaDOnS observation reveals a change of polarity of the
longitudinal magnetic field implying that the northern mag-
netic hemisphere has now become visible.
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